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Diode Laser Based Broad Band Light Sources for Wafer Inspection
Tools

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority of U.S. Provisional Patent Application Number
61/664,493, entitled Deep UV-UV-VIS-NIR Diode Laser Based Broad Band Light
Sources for Wafer Inspection Tools, filed 26 June 2012 by Anant Chimmalgi et al., which

application is incorporated herein by reference in its entirety for all purposes.

TECHNICAL FIELD OF THE INVENTION

[0002] The invention generally relates to the field of wafer and reticle inspection and
metrology. More particularly the present invention relates to the light sources of such

inspection and metrology tools.

BACKGROUND

[0003] Generally, the industry of semiconductor manufacturing involves highly complex
techniques for fabricating integrating circuits using semiconductor materials, which are
layered and patterned onto a substrate, such as silicon. An integrated circuit is typically
fabricated from a plurality of reticles. Generation of reticles and subsequent optical
inspection of such reticles have become standard steps in the production of
semiconductors. Initially, circuit designers provide circuit pattern data, which describes a

particular integrated circuit (IC) design, to a reticle production system, or reticle writer.

[0004] Due to the large scale of circuit integration and the decreasing size of
semiconductor devices, the reticles and fabricated devices have become increasingly

sensitive to defects. That is, defects which cause faults in the device are becoming
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increasingly smaller. The device can generally be required to be fault free prior to

shipment to the end users or customers.

[0005] Various inspection and metrology systems are used within the semiconductor
industry to detect defects or characterize structures on a semiconductor reticle or wafer.
One type of tool is an optical inspection or metrology system. In optical inspection and
metrology systems, one or more incident beams are directed towards the semiconductor
wafer or reticle and a reflected and/or scattered beam is then detected. The detected beam
is used to then generate a detected electrical signal or an image, and such signal or image
is then analyzed to determine whether defects are present on the wafer or reticle or

characterize features on the sample under test.

[0006] Various light source mechanisms can be used with optical inspection and
metrology tools. One example is an arc lamp based light source. Another example is a
laser sustained plasma light source. Both an arc lamp and plasma based light source tend
to produce a significant amount of out-of-band radiation, which leads to poor power
conversion efficiency. Additionally, these light sources require complex thermal heat
management mechanisms for the out-of-band radiation. The plasma based light source

also has limits on power brightness scalability.

[0007] There is a continuing need for improved light sources for optical inspection and

metrology tools.
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SUMMARY

[0008] The following presents a simplified summary of the disclosure in order to provide
a basic understanding of certain embodiments of the invention. This summary is not an
extensive overview of the disclosure and it does not identify key/critical elements of the
invention or delineate the scope of the invention. Its sole purpose is to present some
concepts disclosed herein in a simplified form as a prelude to the more detailed

description that is presented later.

[0009] In one embodiment, an optical apparatus for performing inspection or metrology
of a semiconductor device is disclosed. The apparatus includes a plurality of laser diode
arrays that are configurable to provide an incident beam having different wavelength
ranges. The apparatus also includes optics for directing the incident beam towards the
sample, a detector for generating an output signal or image based on an output beam
emanating from the sample in response to the incident beam, and optics for directing the
output beam towards the detector. The apparatus further includes a controller for
configuring the laser diode arrays to provide the incident beam at the different
wavelength ranges and detecting defects or characterizing a feature of the sample based

on the output signal or image.

[0010] In a specific implementation, the laser diode arrays include deep UV (ultra-violet)
and UV continuous wave diode lasers. In one aspect, the laser diode arrays further
include VIS (visible) and NIR (near infrared) continuous wave diode lasers. In yet a
further aspect, the laser diode arrays include a plurality of two dimensional (2D) stacks of
diode bars that can be selectively activated to result in the incident beam having different

wavelength ranges that together form a broadband range.

[0011] In another embodiment, the controller is configured to activate one or more laser
diode arrays so that the incident beam has a specific wavelength range that is selected
from the different wavelength ranges and configured to deactivate other one or more of
the laser diode arrays so that the incident beam does not include any wavelengths that are
not within the specific wavelength range. In a further aspect, the apparatus includes beam

shaping optics for receiving output light from the activated one or more laser diode arrays
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and forming different illumination profiles in the incident beam. In another aspect, the
apparatus includes coupling optics for receiving and combining output light from the
activated one or more laser diode arrays. In one example implementation, the coupling
optics comprises a spatial coupler or polarization coupler to combine output light having
a same wavelength so as to achieve a higher net power than a power of individual diodes
or diode bars of the laser diode arrays and a wavelength coupler for combining output

light having different wavelength ranges.

[0012] In a specific embodiment, the laser diode arrays include a plurality of two
dimensional (2D) stacks of diode bars, wherein the stacks have different wavelength
ranges. For example, the wavelength ranges of the stacks together cover a range between
about 190 nm and about 1000 nm. In one aspect, the wavelength ranges of the stacks
together include wavelengths in the deep UV, UV, VIS, and NIR. In another aspect, a
first set of one or more stacks is formed from deep UV or UV based laser diodes; a
second set of one or more stacks is formed from VIS based laser diodes; and a third set of
one or more stacks is formed from deep NIR based laser diodes. In yet another
embodiment, each stack has a wavelength range width that is between about 15 to 80 nm.
Each laser diode of each diode bar can provide about 1 watt or more of power. In one
example, each stack provides about 200 watts or more of power. In another
implementation, the diode bars of each 2D stack have a same wavelength range as its

corresponding 2D stack.

[0013] In another implementation, the invention pertains to a method of generating a light
source in a semiconductor inspection tool. One or more laser diode arrays are selected
and activated to generate light at a selected inspection application’s specified wavelength
range while preventing other one or more laser diode arrays from generating light outside
the specified wavelength range. Light from the activated one or more laser diode arrays
is coupled together to form an incident beam. The incident beam is directed to a wafer or
reticle, and the selected inspection application is performed based on light detected from
the wafer or reticle in response to the incident beam. In a further aspect, the operations
for selecting and activating one or more laser diode arrays, coupling light, directing the

incident beam, and performing the selected inspection application are repeated for a
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plurality of sequentially selected inspection applications having different specified
wavelength ranges.

[0014] These and other aspects of the invention are described further below with
reference to the figures.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Figure 1 is a diagrammatic representation of an illumination source arrangement
having configurable diode arrays in accordance with one embodiment of the present

invention.

[0016] Figure 2A is a diagrammatic representation of forming a 2D stack from individual

emitter diodes in accordance with a specific implementation of the present invention.

[0017] Figure 2B is a perspective view of an edge-emitting laser diode bar in accordance

with a specific implementation of the present invention.

[0018] Figure 2C is a perspective view of an edge-emitting laser diode stack in

accordance with a specific implementation of the present invention.

[0019] Figure 3A is a diagrammatic representation of spatial coupling optics for coupling
the outputs of configurable diode arrays in accordance with one embodiment of the

present invention.

[0020] Figure 3B is a diagrammatic representation of a polarization coupling optics
arrangement for coupling the outputs of configurable diode arrays in accordance with one

embodiment of the present invention.

[0021] Figure 3C is a diagrammatic representation of a wavelength coupling optics
arrangement for coupling the outputs of configurable diode arrays in accordance with a

first implementation.

[0022] Figure 3D is a diagrammatic representation of a wavelength coupling optics
arrangement for coupling the outputs of configurable diode arrays in accordance with a

second implementation.

[0023] Figure 4 illustrates a homogenizer in the form of an optical fiber having a single

flat facet.

[0024] Figure 5 is a flow chart illustrating a procedure for light source generation and

inspection/metrology in accordance with one embodiment of the present invention.
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[0025] Figures 6A through 6C represent different illumination profiles that can be

produced at the pupil plane by embodiments of the present invention.

[0026] Figure 7 is a diagrammatic representation of an inspection system, in which
embodiments of illumination source module with configurable diode laser arrays, may be

integrated in accordance with a specific implementation of the present invention.
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DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

[0027] In the following description, numerous specific details are set forth in order to
provide a thorough understanding of the present invention. The present invention may be
practiced without some or all of these specific details. In other instances, well known
component or process operations have not been described in detail to not unnecessarily
obscure the present invention. While the invention will be described in conjunction with
the specific embodiments, it will be understood that it is not intended to limit the

invention to the embodiments.

[0028] In general, an illumination source having configurable incoherent laser diode
arrays (e.g., 2-D stacks of emitters) for use in an optical inspection tool is provided. The
illumination source includes laser diode arrays that are configurable to cover specific
ranges of wavelengths as needed in the particular inspection application. For instance,
the laser diode arrays provide wavelength widths that are selectively obtained from the

Deep-UV (ultra-violet), UV, VIS (visible), and NIR (near-infrared) range.

[0029] Figure 1 is a diagrammatic representation of an illumination source arrangement
101 having configurable diode arrays in accordance with one embodiment of the present
invention. As shown, the illumination source arrangement 101 includes a plurality of
illumination sources 102. In the illustrated implementation, each illumination source 102
is in the form of a plurality of configurable 2D stacks of laser emitter diodes (e.g., Stacks
1-n) although each illumination source could simply be in the form of a 1D array of

emitter diodes.

[0030] The illumination source arrangement 101 may also include beam shaping optics
104 for manipulating the profile of one or more of the beams output by the active diodes
and beam coupling optics 105 for coupling the beams output from the active illumination
sources together. In the illustrated embodiment, the beam shaping optics 104 are
arranged adjacent to the illumination sources so as to directly receive and shape one or
more of the beams that are output from the illumination sources. Alternatively, the beam
coupling optics 105 may be arranged adjacent to the illumination sources so as to directly

receive and couple the beams output from the illumination sources prior to the coupled



10

15

20

25

30

WO 2014/004679 PCT/US2013/047901

beam being received by the beam shaping optics 104. In yet another alternative, different
portions of the beam shaping optics 104 and/or the beam coupling optics 105 may be
placed in different paths from different subsets of the beams output from the active

diodes.

[0031] The illumination source arrangement 101 may also include a homogenizer 106 for
receiving the coupled, shaped resulting beam that is output from the beam coupling optics
105 and the beam shaping optics 104. The coupled and/or shaped incident beam passes
through a first end of 106a the homogenizer 106 and may be output through a second end
106b of such homogenizer 106 to provide incident light for a particular inspection or

metrology system as described further below.

[0032] Although the illustrated illumination source module 101 is described as
comprising shaping optics 104, beam coupling optics 105, and homogenizer 106, it is
understood that one or more of these components could be integrated in other modules of
an optical inspection or metrology tool. For instance, the illumination source module 101
may not include a homogenizer so that the output of the beam shaping optics 105 is
produced onto the input of an optical tool’s homogenizer or another suitable optical

component of such optical system.

[0033] Referring back to Figure 1, one or more illumination sources 102 may be
selectively turned on to output one or more beams that can be coupled onto a first fiber
end 106a. In some configurations, one or more other illumination source 102 may be
turned off so as to be prevented from outputting a beam that is coupled and/or shaped
onto the first fiber end 106a to produce an incident beam. Each illumination source may

be selectively activated simultaneously, sequentially, or in any suitable order.

[0034] Figure 2A is a diagrammatic representation of a 2D diode stack 206 in accordance
with a specific implementation of the present invention. As shown, a 1D diode bar 204 is
formed from individual emitter diodes (e.g., 202, 202a, 202b), and a plurality of 1D diode
bars (e.g., 204a, 204b, 204c, and 204d) are used to form 2D diode stack 206. In one
example, continuous wave emitters may be used to form 2D diode stacks. Each emitter
diode may be in the form of an edge type emitter so that the output is propagated along

the wafer surface and out a cleaved side edge of the diode.

9
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[0035] In general, the diode material can be altered so as to generate different
wavelength ranges for the diode output. Each 2D stack can be formed from diode bars
that have the same or different wavelength characteristics. The different stacks, and
optionally the different diode bars of one or more stacks, can cover different wavelength
widths or ranges. The stacks can then selectively cover a wide range of wavelengths for
various applications. For instance, if all of the diode stacks were activated, they would
together produce light having a wavelength range of about 190 to 1000 nm, or even as
low as 100 nm. For instance, a first set of bars or stacks may be formed from different
DUV-UYV based diodes; a second set of bars or stacks can be formed from different VIS
based diodes; while a third set of bars or stacks can be formed from different NIR based
diodes.

[0036] Deep UV and UV based diodes in wavelength ranges of about 220 nm to about
330 nm have been developed by numerous companies and institutes, such as RIKEN
Advanced Science Institute of Japan. These Deep UV and UV based diodes from
RIKEN have a maximum output power is 33mW for a 270nm DUV-LED, by way of
specific example. For diodes with wavelength shorter than 260nm, the output powers are
15mW and 5SmW for 247nm and 237nm DUV-LEDs, respectively. VIS and NIR based
diodes, bars, and stacks having power in the 10’s of mW’s are available from Oclaro of

San Jose, CA.

[0037] In a specific example with respect to Figure 1, stack 1 has a wavelength range of
X+5 nm to X+10 nm, and stack 2 has a wavelength range of X+15 nm to X+20 nm. If X
equals 190 nm and portions of the range between 190 nm and 1000 nm are to be
selectively covered, the remaining stacks each have different ranges, up to X+810 nm for
stack n. Each stack of this arrangement can be formed from 1D diode bars that each has
the same wavelength range as its stack. A stack’s individual bars may have the same
wavelength range to achieve a particular power requirement. Otherwise, a stack’s
individual bars may have different wavelength widths if the power requirements are met
by a single bar. For instance, a first bar 204a of stack 206 (Figure 2) has a first width of
X+5 nm to X+10 nm, and a second bar 204b of stack 206 has a wavelength range of
X+15 nm to X+20 nm. A third bar 204c of stack 206 has a first width of X+20 nm to

X+25 nm, and the remaining bars of this stack 206, as well as other stacks, can have

10
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different widths, up to X+810 nm if the same example maximum width of 190 nm to

1000 nm is used.

[0038] Individual diodes or 1D diode bars may have as low as a 5-10 nm wide bandwidth
and a power range between about 10°s of mW’s and 100’s of mW’s. In one embodiment,
each diode provides 1W (Watt) or more of power so that a 2D stack having up to 200W
can be achieved by arranging up to 200 diodes in the bars of each stack. Multiple 200W
stacks can be coupled together to form a broadband incoherent laser based light source in
one inspection application, which can be very attractive for bright field tools as an
alternate for laser sustained plasma sources that can only achieve kW’s of power.
Integrating such emitters into 2-D stacks will make it possible to get this high power
output in a small wavelength spread (~ 3nm FWHM) that can be coupled into a 1 mm

diameter delivery fiber with 0.24 NA, by way of example.

[0039] Regardless of each particular diode bar or stack arrangement, each selectable
subset of diodes (bar or stack) can have a 15-80 nm wavelength width, which can be
selectively activated and combined into wider widths. These arrangements allow
particular wavelengths to be turned on or off on demand, depending on the particular
layer being inspected and the kind of defect. The laser power of the activated light
sources can also be directly modulated, depending on the wafer type, resulting in an
efficient light source with reduced illuminator thermal management concerns. That is,

complex thermal management mechanisms are not needed.

[0040] The 1D or 2D diode arrays described herein may have any suitable construction.
In general, each laser diode includes a current-carrying p-n or p-i-n semiconductor
junction, in which holes recombine to release energy as photons. The photons can be
emitted perpendicular to the semiconductor surface (surface emitting diode) or emitted
from a cleaved edge (edge-emitting diode). Figure 2B is a perspective view of a laser
diode bar 250 having a plurality of waveguides (e.g., 252a and 252b) for outputting light
(e.g., 256) for each diode at a cleaved edge 254 of the diode bar.

[0041] Each stack may then be formed from 1D arrays of edge emitter diodes as shown in
Figure 2C. As shown, the stack 270 may be formed from alternating 1D diode bars (e.g.,
272a and 272b) and heat sink layers (e.g., 274a and 274b). Each 1D diode bar can be

11
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configurable to edge-emit light from waveguides (e.g., 276a and 276b). In a specific
example, each stack may be fabricated by cleaving 1D laser arrays from a wafer. Each
1D laser array is attached to a thin heat sink layer. The sets of 1D array and heat sink
layer are then attached together to form alternating array and heat sink layers. The width
and height of each stack can be selected based on the particular aperture, delivery fiber
width, and NA of the inspection system.

[0042] The output of two or more of the active 1D or 2D diode arrays can be coupled to
any suitable type of coupler, such as a spatial coupler, polarization coupler, a wavelength
coupler, or any combination thereof. The first two coupling types can be used to increase
the net output from a laser at a particular wavelength, while the wavelength coupling type
may be used to achieve a more broadband source with multiple wavelengths that are

simultaneously coupled into the delivery path.

[0043] Figures 3A-3C illustrate these different ways to combine the output of 2D diode
stacks. Figure 3A is a diagrammatic representation of a spatial coupling optics
arrangement 300 for coupling the outputs of configurable diode arrays in accordance with
one embodiment of the present invention. As shown, the output of stackl 302a and
stack2 302b are both received by spatial coupling optics 304, which is configured to
spatially combine the two beams so that such beams are delivered onto a portion of the
delivery path, e.g., fiber 306. For example, spatial coupling optics 304 directs the output
of stack1 302a to the top half of optical fiber 306 and directs the output of stack2 302b to
the lower half of optical fiber 306. The fiber mixes the received light together. The
spatial coupling optics may take the form of individual fibers that are fed into a larger

light pipe or fiber. The large fiber mixes the light.

[0044] Although the output from the spatial coupling optics is shown as being directly
received by optical fiber 306, other coupling optics may be interposed between the spatial
coupling optics 304 and the fiber 306. Additionally, any set of activated one or more
stacks may be spatially coupled onto the delivery path.

[0045] Figure 3B is a diagrammatic representation of a polarization coupling optics
arrangement 372 for coupling the outputs of configurable diode arrays in accordance with

one embodiment of the present invention. As shown, an S polarizer 356 is arranged to

12
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receive the output from a first stack (not shown) and output S polarization 354a. A
polarization coupler 352 is then arranged to receive the P polarization output 354b from a

second stack (not shown) and couple the S and P polarization outputs together.

[0046] Figure 3C is a diagrammatic representation of a wavelength coupling optics
arrangement 370 for coupling the outputs of configurable diode arrays in accordance with
a first implementation. In this embodiments, the wavelength coupling optics are formed
from dichroic mirrors that each transmit a first wavelength and reflect a second
wavelength.  As illustrated, output 374a (from a first diode array) having a first
wavelength 1 is transmitted by mirror 372a, while output 374b (from a second array)
having a second wavelength 2 is reflected by mirror 372a. Thus, the two outputs having
wavlength 1 and wavelength 2 are combined by mirror 372a. A second mirror 372b is
then arranged to receive and transmit the combined beams and reflect a third output 374c
(from a third diode array) having a third wavelength 3 so that the three outputs 374a~c
having three wavelengths 1~3 are combined together. Any number of mirrors may be
successively arranged to combine any number of wavelength outputs from different diode
arrays. The mirrors are configured to transmit and reflect the corresponding wavelength

ranges of the received diode bar or stack outputs.

[0047] Figure 3D is a diagrammatic representation of a wavelength coupling optics
arrangement 370 for coupling the outputs of configurable diode arrays in accordance with
a second implementation. In this embodiment, a diffraction grating coupler 394 receives
the output from stackl 302a and stack2 302b via spatial coupler 396 at different angles
and combines the received light into one beam, which is then received onto the delivery
path, e.g., fiber 306. Finer grained wavelength widths for each diode array can be

achieved with diffraction couplers.

[0048] In specific embodiments, the coupled output may be received by a homogenizer
that takes the form of one or more of the following components: an optical fiber having
one or more faceted edges, micro-lens or micro-prism arrays that are combined with or
without light pipes, etc. Figure 4 illustrates a homogenizer 400 in the form of an optical
fiber having a single flat facet 402. Alternatively, the optical fiber could have multiple
faceted edges.

13
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[0049] Figure 5 is a flow chart illustrating a procedure 500 for light source generation and
inspection (or metrology) in accordance with one embodiment of the present invention.
Initially, a first inspection application may be selected from a plurality of different
inspection applications having different wavelength range specifications in operation 502.
For instance, a deep UV inspection may be selected. One or more stacks (or bars) of
emitter diodes may then be selected to generate light at the selected inspection’s specified
wavelength range without generating light outside the specified wavelength range in
operation 504. For instance, only stacks (or bars) that are configured to emit deep UV are
activated, while other stacks having VIS or NIR wavelength ranges are kept off or turned
off.

[0050] The light that is output by the active stacks (or bars) may then be shaped so as to
generate custom illumination profiles in operation 506. This customization is optional.
Figures 6A through 6C represent different illumination profiles that can be produced at
the pupil plane of the optical tool using light source embodiments of the present
invention. The incident beam cross section at the pupil plane is represented by the dark
sections. Of course, other types of illuminations profiles may be generated with the

present invention.

[0051] Figure 6A shows pupil plane 600 with an annular illumination profile for the
beam. That is, only an annular portion 602 of the incident beam is generated at the pupil
600, while portions 604 and 606 of the incident beam are not. Figure 6B illustrates pupil
plane 650 with a quadrapole illumination profile for the incident beam. That is, only
quadrapole portions 652a through 652d of the incident beam are generated at the pupil
650, while portion 654 of the incident beam is not. Figure 6C illustrates pupil plane 660
with a dipole illumination profile for the incident beam. That is, only dipole portions
662a and 662b of the incident beam are generated at the pupil 650, while portion 664 of

the incident beam is not.

[0052] Additionally, output from different wavelength width stacks (or bars) may be
directed to different portions of the pupil area so as to result in different angles of

incidence. For instance, each of the quadrapole portions of Figure 6B or the dipole

14



10

15

20

25

30

WO 2014/004679 PCT/US2013/047901

portions of Figure 6C may be arranged to receive a stack (or bar) output beam having a

different wavelength range.

[0053] Referring back to Figure 5, the light that is output by the active stacks (or bars),
and possibly shaped, may then be coupled together in operation 508. For example, a
spatial, polarization, and/or wavelength coupler is arranged in the path of light output by
two or more stacks (or bars). This coupling can also be arranged to work in conjunction
with any shaping optics so as to achieve different stack (or bar) outputs being directed to

different portions of a particular the illumination profiles.

[0054] The coupled light may then be optionally directed through a fiber, which
homogenizes the coupled light, in operation 510. The coupled (and possibly
homogenized) light may then be directed to the sample under test in the form of a
resulting incident beam and the currently selected inspection application is performed
based on the resulting incident beam in operation 512. For instance, light emanating from
the sample in response to the incident light is detected and analyzed to determine

characteristics of the sample, such as a semiconductor wafer or reticle.

[0055] It may then be determined whether there are more inspection applications in
operation 514. If there are no more inspections to be performed, for example, using
different wavelength ranges, the procedure 500 may end. Otherwise, a next inspection
application may then be selected and the procedure 500 repeats. For instance, a VIS
based inspection application is selected, and the diode arrays that emit VIS wavelengths

are activated, while other diode arrays that emit non VIS wavelengths are deactivated or

left off.

[0056] Certain embodiments of the present invention provide customizable light source
activation and generation to a beam coupler that outputs a single beam having a broad
enough or “just right” wavelength range. This customizable light source can meet a
diverse number of light source needs for different inspection or metrology applications at
relatively high power levels. The use of multiple illuminations diode array sources
allows efficient delivery of high brightness illumination to the sample. Lasers with
different wavelengths can be efficiently combined. This arrangement is especially suited

for dark field inspection, where an increase in light efficiency is highly desired to detect
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increasingly smaller surface anomalies. Additionally, different imaging and inspection
modes (such as bright field and dark field inspection modes) may be readily provided
simply by selectively lighting different fibers.

[0057] The illumination source embodiments of the present invention may be
implemented in any suitable inspection or metrology tool and configured to provide
selected wavelength ranges for a diverse number and type of inspection or metrology
applications. Figure 7 is a diagrammatic representation of an inspection or metrology
system 100, in which embodiments of illumination source module 101 with configurable
diode laser arrays, may be integrated in accordance with a specific implementation of the
present invention. As shown, the system 100 includes the illumination source
arrangement 101 of Figure 1, which includes 2D diode array stacks 102 that are each
configurable to be turned on (active) or off (inactive). The system 100 also includes a
controller 110 for causing selected ones of the illumination sources 102 to be turned on or

off.

[0058] The incident beam may pass from the homogenizer 106 through a number of
lenses 108, which serve to relay the beam(s) towards a sample 116. These lenses 108
may provide any suitable beam manipulation function on the incident beam, such as
collimating, converging, expanding, reducing, etc. = The incident beam may then be
received by beam splitter 112 which then reflects the incident beam through objective
lens 114, which focuses the incident beam onto sample 116 at one or more incident
angles. For instance, the second homogenizer end 106b is imaged onto the back focal

plane 118 of the objective lens 114.

[0059] The homogenizer 106 may take the form of a fiber 106 and be coupled with a
fiber modulator (not shown), which operates to substantially eliminate the speckle noise
which may be present in the incident beam to thereby produce a more uniform, incoherent
illumination. For example, the fiber modulator may be a piezoelectric modulator which
operates to stretch the homogenizer fiber so as to change the phase difference between the
modes inside the fiber to therefore reduce the spatial coherence to produce a speckle free
illumination. The system may alternatively or additionally include rotating diffuser to

reduce speckle. However, a rotating diffuser also has low light efficiency and may only
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be used for applications which do not require high light efficiency, such as bright field

inspection.

[0060] After the incident beam impinges on the sample, the light may then be reflected
(and/or transmitted) and scattered from the sample 116, which is referred to herein as
“output beam” or “output light”, which may include any number of rays or beamlets. The
inspection system also includes any suitable lens arrangements for directing the output
light towards a detector. In the illustrated embodiment, the output light pass through
beam splitter 112, Fourier plane relay lens 120, imaging aperture 122, and zoom lens 124.
The Fourier plane relay lens generally relays the Fourier plane of the sample to the
imaging aperture 122. The imaging aperture 122 may be configured to block portions of
the output beam. For instance, the aperture 122 may be configured to pass all of output
light within the objective numerical aperture in a bright field inspection mode, and
configured to pass only the scattered light from the sample during a dark field inspection
mode. A filter may also be placed at the imaging aperture 122 to block higher orders of

the output beam so as to filter periodic structures from the detected signal.

[0061] After going through the imaging aperture 122, the output beam may then pass
through zoom lens 124, which serves to magnify the image of the sample 116. The
output beam then impinges upon detector 126. Suitable sensors include charged coupled
devices (CCD), CCD arrays, time delay integration (TDI) sensors, TDI sensor arrays,
photomultiplier tubes (PMT), and other sensors. In a reflecting system, optical elements

would illuminate the sample and capture the reflected image.

[0062] The controller 110 may be any suitable combination of software and hardware and
is generally configured to control various components of the inspection system 100. For
instance, the controller may control selective activation of the illumination sources 102,
fiber modulator settings, the imaging aperture 122 settings, etc. The controller 110 may
also receive the image or signal generated by the detector 126 and be configured to
analyze the resulting image or signal to determine whether defects are present on the
sample, characterize defects present on the sample, or otherwise characterize the sample

by determining sample parameters.
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[0063] Example sample parameters that can be determined based on one or more detected
signals or images include critical dimension (CD) , film thickness, metal gate recess, high
k recess, side wall angle, step height, pitch walking, trench and contact profile, overlay,
material properties (e.g., material composition, refractive index, stress on critical films,
including ultra-thin diffusion layers, ultra-thin gate oxides, advanced photoresists, 193nm
ARC layers, ultra-thin multi-layer stacks, CVD layers, and advance high-k metal gate
(HKMGQG), ultra-thin decoupled plasma nitridation (DPN) process layers, stress on
noncritical films, including inter-dielectrics, photoresists, bottom anti-reflective coatings,
thick oxides and nitrides, and back end of line layers), semiconductor manufacturing

process parameters (e.g. focus and dose for scanners, etch rate for etching tools), etc.

[0064] Referring back to Figure 7, the second end of 106b of the homogenizer 106 may
be preferably positioned such that the pupil plane of the objective lens is imaged at the
second end 106b. That is, the second homogenizer ends 106b is positioned within the
illumination pupil, which is the conjugate plane of the objective back focal plane 118.
The second homogenizer end 106b may be arranged to transmit any particular shape (e.g.,
produced by the beam shaper optics 105) so as to illuminate a particular one- or two-

dimensional area of the sample 116 at one or more incident angles.

[0065] The controller 110 may be configured (e.g., with programming instructions) to
provide a user interface (e.g., on a computer screen) for displaying resultant test images
and other inspection characteristics. The controller 110 may also include one or more
input devices (e.g., a keyboard, mouse, joystick) for providing user input, such as
selecting wavelength ranges of incident light. In certain embodiments, the controller 110
is configured to carry out light source activation and inspection techniques. The
controller 110 typically has one or more processors coupled to input/output ports, and one

or more memories via appropriate buses or other communication mechanisms.

[0066] Because such information and program instructions may be implemented on a
specially configured computer system, such a system includes program instructions /
computer code for performing various operations described herein that can be stored on a
computer readable media. Examples of machine-readable media include, but are not

limited to, magnetic media such as hard disks, floppy disks, and magnetic tape; optical
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media such as CD-ROM disks; magneto-optical media such as optical disks; and
hardware devices that are specially configured to store and perform program instructions,
such as read-only memory devices (ROM) and random access memory (RAM).
Examples of program instructions include both machine code, such as produced by a
compiler, and files containing higher level code that may be executed by the computer

using an interpreter.

[0067] It should be noted that the above diagrams and description are not to be construed
as a limitation on the specific components of the system and that the system may be
embodied in many other forms. For example, it is contemplated that the inspection or
measurement tool may be any of a number of suitable and known imaging or metrology
tools arranged for resolving the critical aspects of features of a reticle or wafer. By way
of example, an inspection or measurement tool may be adapted for bright field imaging
microscopy, darkfield imaging microscopy, full sky imaging microscopy, phase contrast
microscopy, polarization contrast microscopy, and coherence probe microscopy. It is
also contemplated that single and multiple image methods may be used in order to
capture images of the target. These methods include, for example, single grab, double
grab, single grab coherence probe microscopy (CPM) and double grab CPM methods.

Non-imaging optical methods, such as scatterometry, may be contemplated.

[0068] Although the foregoing invention has been described in some detail for purposes
of clarity of understanding, it will be apparent that certain changes and modifications may
be practiced within the scope of the appended claims. It should be noted that there are
many alternative ways of implementing the processes, systems, and apparatus of the
present invention. Accordingly, the present embodiments are to be considered as
illustrative and not restrictive, and the invention is not to be limited to the details given

herein.
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CLAIMS

What is claimed is:

1. An optical apparatus for performing inspection or metrology of a semiconductor
device, comprising:

a plurality of laser diode arrays that are configurable to provide an incident beam
having different wavelength ranges;

optics for directing the incident beam towards the sample;

a detector for generating an output signal or image based on an output beam
emanating from the sample in response to the incident beam;

optics for directing the output beam towards the detector; and

a controller for configuring the laser diode arrays to provide the incident beam at
the different wavelength ranges and detecting defects or characterizing a feature of the

sample based on the output signal or image.

2. The apparatus of claim 1, wherein the laser diode arrays include deep UV (ultra-

violet) and UV continuous wave diode lasers.

3. The apparatus of claim 2, wherein the laser diode arrays include VIS (visible) and

NIR (near infrared) continuous wave diode lasers.

4, The apparatus of claim 3, wherein the laser diode arrays include a plurality of two
dimensional (2D) stacks of diode bars that can be selectively activated to result in the

incident beam having different wavelength ranges that together form a broadband range.

5. The apparatus of claim 1, wherein the controller is configured to activate one or
more laser diode arrays so that the incident beam has a specific wavelength range that is
selected from the different wavelength ranges and configured to deactivate other one or
more of the laser diode arrays so that the incident beam does not include any wavelengths

that are not within the specific wavelength range.
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6. The apparatus of claim 5, further comprising beam shaping optics for receiving
output light from the activated one or more laser diode arrays and forming different

illumination profiles in the incident beam.

7. The apparatus of claim 5, further comprising coupling optics for receiving and

combining output light from the activated one or more laser diode arrays.

8. The apparatus of claim 7, wherein the coupling optics comprises a spatial coupler
or polarization coupler to combine output light having a same wavelength so as to
achieve a higher net power than a power of individual diodes or diode bars of the laser
diode arrays and a wavelength coupler for combining output light having different

wavelength ranges.

9. The apparatus of claim 1, wherein the laser diode arrays include a plurality of two
dimensional (2D) stacks of diode bars, wherein the stacks have different wavelength

ranges.

10.  The apparatus of claim 9, wherein the wavelength ranges of the stacks together

cover a range between about 190 nm and about 1000 nm.

11.  The apparatus of claim 9, wherein the wavelength ranges of the stacks together
include wavelengths in the deep UV, UV, VIS, and NIR.

12.  The apparatus of claim 9, wherein a first set of one or more stacks is formed from
deep UV or UV based laser diodes, a second set of one or more stacks is formed from
VIS based laser diodes, and a third set of one or more stacks is formed from deep NIR

based laser diodes.

13.  The apparatus of claim 9, wherein each stack has a wavelength range width that is

between about 15 to 80 nm.
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14.  The apparatus of claim 9, wherein each laser diode of each diode bar provides

about 1 watt or more of power.

15.  The apparatus of claim 14, wherein each stack provides about 200 watts or more

of power.

16.  The apparatus of claim 9, the diode bars of each 2D stack have a same wavelength

range as its corresponding 2D stack.

17. A method of generating a light source in a semiconductor inspection tool,
comprising:

selecting and activating one or more laser diode arrays to generate light at a
selected inspection application’s specified wavelength range while preventing other one
or more laser diode arrays from generating light outside the specified wavelength range;

coupling light from the activated one or more laser diode arrays together to form
an incident beam;

directing the incident beam to a wafer or reticle;

performing the selected inspection application based on light detected from the

wafer or reticle in response to the incident beam.

18.  The method of claim 17, repeating the operations for selecting and activating one
or more laser diode arrays, coupling light, directing the incident beam, and performing
the selected inspection application for a plurality of sequentially selected inspection

applications having different specified wavelength ranges.

19.  The method of claim 17, wherein the laser diode arrays include deep UV (ultra-

violet), UV, visible, and near infrared continuous wave diode lasers.

20.  The method of claim 19, wherein the laser diode arrays include a plurality of two
dimensional (2D) stacks of diode bars that can be selectively activated to result in the

incident beam having different wavelength ranges that together form a broadband range.
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